Background. Measles among displaced, malnourished populations can result in a high case fatality ratio. In 2011, a large measles outbreak occurred in Dadaab, Kenya, among refugees fleeing famine and conflict in Somalia. The aim of this study was to identify predictors of measles deaths among hospitalized patients during the outbreak.
Measles is a highly contagious viral illness spread by respiratory secretions that can result in severe complications, including diarrhea, pneumonia, encephalitis, and death. Measles continues to cause severe disease and death, despite the availability of a safe, effective, and inexpensive vaccine since 1963 [1] . In 2010, of 139 300 estimated measles deaths globally, 98% occurred in Africa and Asia, where some countries have had humanitarian disasters that disrupt public health services [2] . In 2010, there were an estimated 15.4 million refugees globally [3] . Crowded living conditions, low vaccination coverage, and malnutrition in refugee camps can lead to or increase the likelihood of measles outbreaks with severe morbidity and mortality [4] [5] [6] [7] .
Despite progress toward the global goal of 95% measles mortality reduction by 2015 compared with 2000, large measles outbreaks occurred in sub-Saharan Africa during 2009-2011 [2, 8] . In 2011, 14 784 measles cases were reported in Somalia, primarily from the South and Central Zones [9] . The outbreak response was hampered by an intensified civil war, severe drought and famine, and mass exodus of Somali refugees to camps in Ethiopia and Kenya [10] . In Dadaab, in eastern Kenya, refugees were accommodated in the largest complex of refugee camps in the world. The Dadaab camps were established in 1991 to house Somali refugees fleeing the civil war and have maintained a population of approximately 120 000 refugees. However, starting in 2010, the population increased due to refugees fleeing insecurity and famine in Somalia and reached >400 000 by mid-2011 [11] . The massive influx of vulnerable refugees combined with ongoing measles virus transmission in the region led to a large, explosive laboratory-confirmed measles outbreak in the congested camps. According to unpublished data from the United Nations High Commissioner for Refugees (UNHCR), 1366 measles cases and 32 measles deaths were reported during 6 June 2011 through 11 November 2011; 70% of the cases and 96% of the measles deaths occurred among new refugees who had arrived in 2011, and 59% of the outbreak cases and 66% of measles deaths occurred among adults.
Severe measles disease and high measles case fatality ratio (CFR) during outbreaks in refugee camps and among malnourished populations have been previously described [12] [13] [14] [15] . However,few published studies have examined measles complications and risk factors for measles mortality among refugees [15] . The objectives of our investigation were to describe the frequency of measles-related complications among hospitalized patients and identify predictors of measles deaths among these patients during the outbreak in Dadaab refugee camps.
METHODS

Study Location
UNHCR and health implementing agencies provided free healthcare for refugees in the 5 Dadaab camps of Dagahaley, Ifo, Ifo-2, Hagadera, and Kambioos through a network of 17 outpatient health posts and 3 hospitals. Each hospital was operated by a different aid agency; to avoid associating study results to specific agencies, hospitals were renamed X, Y, and Z for the analysis. Clinicians at the hospitals and outpatient health posts identified measles by clinical assessment; measles patients were managed either as an outpatient or hospitalized case. Measles patients requiring hospitalization based on clinical assessment were admitted to a hospital measles isolation ward and treated according to inpatient protocols adapted from the World Health Organization (WHO) Integrated Management of Childhood Illnesses and Kenya Ministry of Health clinical guidelines [16] .
Study Design and Data Collection
A retrospective cohort study design was used to investigate measles mortality among hospitalized measles patients with a date of rash onset during 6 June-10 September 2011, the period corresponding to the beginning of the outbreak. Medical record data were abstracted using a questionnaire that collected information on case demographics, vaccination status, measlesrelated symptoms and complications, acute malnutrition, duration of hospitalization, clinical case management (including use of antibiotics, intravenous fluids, and vitamin A therapy), clinical outcome, and, for pregnant patients, pregnancy outcome.
Definitions
A measles patient was identified as a person with an illness meeting the WHO measles case definition of fever, maculopapular rash, and cough, coryza, or conjunctivitis [17] . A measles death was defined as death in a measles patient within 30 days of rash onset without any unrelated cause of death (eg, trauma). A measles-related gastrointestinal complication was defined as documentation of watery or bloody diarrhea, vomiting, or hematemesis. A respiratory complication was defined as documentation of lower respiratory tract (pneumonia, or subcutaneous emphysema) or upper respiratory tract (otitis media) manifestations. A neurological complication was defined as documentation of encephalitis, meningitis, or neck stiffness with altered mental status. Nonspecific symptoms were categorized as "other complications" and included dysuria, headache without neurological symptoms, dysphagia, and epigastric tenderness. Acute malnutrition in measles patients <5 years of age was defined as a weight-forheight ≤−2 z score of WHO 2006 Growth Standards. In measles patients ≥5 years of age, acute malnutrition was defined by presence of edema or extreme thinness by clinician assessment and documentation in the medical record [18] . Preterm delivery was defined as childbirth occurring before 37 weeks' gestational age. Gestational age was determined from patient history of last menstrual period, physical examination, and uterine fundal height measurement. Clinical outcome of patients was defined as alive or dead at the time of discharge; follow-up after discharge was not done. Measles vaccination status was determined by patient or parental recall. Facility-based measles CFR was calculated by dividing the number of measles deaths among hospitalized measles patients by the number of hospitalized measles patients.
Analysis
Data were entered into a Microsoft Access database and analyzed using SAS version 9.2 (SAS Institute Inc, Cary, North Carolina). The χ 2 test or Fisher exact test was used to compare categorical variables. To compare continuous variables, the Wilcoxon rank sum test was used for 2-way comparisons and the Kruskal-Wallis test was used for 3-way comparisons. The odds ratio (OR) and 95% confidence interval (CI) were estimated from univariate and multivariable logistic regression models to assess factors associated with measles death. Variables that were found to be significantly associated with measles death at the level P < .1 were included in stepwise logistic regression. Variables with a P value <.05 in the multivariable model were considered to be independently associated with the outcome variable; age was forced into the model as a potential confounder.
RESULTS
Hospitalized Measles Patients
Medical records were available for 388 (63%) of the 614 measles patients who were hospitalized during 6 June-10 September 2011. Of these, 188 (49%) were from hospital X, 70 (18%) from hospital Y, and 130 (34%) from hospital Z. The mean number of days from rash onset to hospital admission was 5 days (range, 1-21). The mean number of days from rash onset to hospitalization varied by hospital (hospital X = 5, hospital Y = 3, hospital Z = 6; P < .0001). The median age of measles patients was 22 years (range, 1-70); 192 (50%) were 15-29 years of age and 218 (56%) were female (Table 1 ). Vaccination status varied by age group; of 57 measles patients 0-4 years of age, 10 (18%) reported history of measles vaccination; of 192 measles patients 15-29 years of age, 8 (4%) reported history of measles vaccination (Table 2) . Measles CFR was 4.6% and varied by hospital: 2.7% in hospital X, 1.4% in hospital Y, and 9.2% in hospital Z (P = .020).
Measles Complications
A gastrointestinal complication was reported in 156 (40%) measles patients; 94 (24%) had watery diarrhea and 19 (5%) had bloody diarrhea, 106 (27%) had vomiting, 64 (16%) had diarrhea and vomiting, and 15 (4%) had hematemesis and dysphagia. A respiratory complication was reported in 221 (57%) measles patients; 203 (52%) had pneumonia, 2 (1%) had pneumomediastinum and pneumonia, 5 (1%) had otitis media, 5 (1%) had otitis media and pneumonia, and 11 (3%) had tachypnea, dyspnea, and chest pain in addition to the symptoms of measles. A neurological complication was reported in 13 (3%) measles patients; acute malnutrition was documented for 18 (31.6%) of the 57 measles patients <5 years of age and 4 (1.2%) of the 331 measles patients ≥5 years of age (Table 2) .
Clinical Case Management
Overall, 104 (27%) received 1 dose of vitamin A, and 87 (22%) received ≥2 doses separated by at least 24 hours. Intravenous fluid therapy was administered to 62 (16%) measles patients. At least 1 course of antibiotic therapy was administered to 384 (99%) measles patients; of these, 189 (49%) received a combination of intravenous penicillin-type and intravenous gentamicin, 20 (5%) received a combination of intravenous penicillin-type, intravenous gentamicin, and intravenous ceftriaxone during hospitalization. Other antibiotics used included intravenous metronidazole, oral erythromycin, and intravenous chloramphenicol.
Measles in Pregnancy
Thirteen (3%) of the measles patients were pregnant during measles illness; 3 (23%) developed a gastrointestinal complication, 7 (54%) had a respiratory complication, and none had a documented neurological complication or malnutrition. The mean fetal gestational age at the time of hospitalization was 29 weeks (range, 16-40 weeks). One pregnant measles patient died from measles with respiratory complications, 14 days after delivering a preterm infant who died immediately after birth at 32 weeks' gestational age. The pregnancy outcomes for the other 12 pregnant measles patients at the time of discharge included 7 remaining pregnant, 2 full-term live births, and 3 preterm live births; 2 of the 3 preterm infants died immediately after birth.
Measles Deaths
During the study period, 18 patients died of measles; 12 (67%) were female, and 2 (11%) reported history of measles vaccination. The median time period from rash onset to hospitalization was 5 days (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] among patients who died and 5 days (range, 0-21) among patients who were alive at discharge (P = .231). Eight (44%) measles patients died ≤2 days after admission (6 at hospital Z and 2 at hospital X); the median duration of hospitalization before death was 3 days (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and was the same as the median duration of hospitalization among measles patients who were alive at discharge (3 days [range, 0-33 days]; P = .250). Measles CFR was 8.8% among patients <5 years of age, 2.7% among those 5-14 years of age, 4.2% among adult patients 15-29 years of age, and 3.9% among those ≥30 years of age. Measles CFR was 2.7% in hospital X, 1.4% in hospital Y, and 9.2% in hospital Z.
Risk Factors for Death
In univariate analysis, respiratory complication, neurological complication, malnutrition, and admission to hospital Z were associated with measles mortality (Table 3) . Because of the relatively small number of deaths (18) Table 3) .
DISCUSSION
During a large laboratory-confirmed measles outbreak in the Dadaab refugee camps, measles mortality was significantly associated with neurological complications and acute malnutrition. Admission to hospital Z was also independently associated with measles death. Measles CFR among hospitalized measles patients during the outbreak varied among age groups and was highest in patients <5 years of age. Unlike previously documented measles outbreaks in refugee camps [15] , in Dadaab, a large proportion of cases occurred among adults, including 76% of hospitalized measles patients and 67% of hospitalized patients who died. The strong association of neurologic complication with measles mortality in Dadaab was similar to results from other studies, including a recent investigation in Pakistan which found that encephalitis was significantly associated with measles death [19] . Also consistent with the findings of other studies, among children <5 years of age, respiratory complications were more common and neurological complications were less common than among adult patients [1, 20] . Appropriate case management is a cornerstone of the WHO and United Nations Children's Fund (UNICEF) strategy for reducing measles mortality [21] . Improving measles case management outcomes relies on clinical assessments for recognizing severe cases and providing appropriate treatment including vitamin A therapy [22] . Age-appropriate vitamin A therapy has been shown to reduce measles mortality by half [23] . However, to achieve the desired benefit, it is essential to complete the vitamin A regimen; a previously published systematic review found that receiving only 1 dose of vitamin A did not reduce measles mortality [21] . Diagnosis and management of severe measles complications in resource-limited settings such as refugee camps can be extremely difficult; these situations highlight the importance of focused efforts to achieve >95% 2-dose measles vaccination coverage to prevent outbreaks as an effective alternative [24] .
In Dadaab, measles patients were 8 times more likely to die from measles if they had acute malnutrition, results similar to those of several previous studies that attributed measles mortality to malnutrition [25] [26] [27] . In our study, the significance of acute malnutrition as a risk factor for measles death was driven by the high proportion (31.6%) of acute malnutrition found among patients <5 years of age. Community-based nutrition surveys conducted during the measles outbreak in Dadaab estimated global acute malnutrition among refugees 6-59 months of age to be 17% in the camp served by hospital Y, 22% in the camp served by hospital Z, 23% in the camp served by hospital X and not Y, and 38% among refugees living on the outskirts of the camps [28] . WHO suggests, in addition to providing general treatment for malnutrition, clinicians immediately treat all malnourished children with or without fever on their arrival to the hospital with antibiotics, as the classic sign of infection, fever, is often absent [29] . WHO recommends isolation of malnourished children with measles for the entire period of illness because of prolonged excretion of measles virus.
The reasons that hospital Z had significantly higher measles CFR and was associated with measles mortality were unclear. Patients admitted to hospital Z had longer duration of time between rash onset and hospitalization compared with other hospitals. Among the 8 patients who died within 2 days following admission, 6 were at hospital Z, suggesting that these patients were admitted at a later stage of illness and potentially in more serious condition. Reported measles CFR can vary widely by setting, depending on community access to quality healthcare services, the level of disease reporting, and use of vital registration [30, 31] . In Dadaab, 5 measles deaths among hospitalized cases were reported from hospital X during 6 June-10 September 2011. However, during 31 July-10 August 2011, a retrospective community-based survey conducted in an area served by hospital X found that 61 measles deaths had occurred during the 177-day survey recall period and that 70% of these deaths occurred in the Dadaab camps [32] . In complex humanitarian emergencies that involve large numbers of new refugee arrivals, healthcare agencies should prioritize disease surveillance and delivery of healthcare services to the newest portions of the camps where timely disease reporting is likely to be weakest.
In Africa, the changing epidemiology of measles coupled with high fertility rates is increasing measles susceptibility among women of reproductive age [33] . In Dadaab, measles virus infection during pregnancy was associated with preterm labor, fetal death, and maternal death. Currently, the burden of disease among pregnant women and the risks of measles infection during pregnancy in Africa are unknown. To prevent morbidity and mortality of mother and fetus, all children, in particular girls prior to reproductive age, should receive 2 doses of measles vaccination per WHO recommendations [24] . Our study had several limitations. First, although the measles outbreak was laboratory confirmed, our analysis primarily included measles confirmed by clinical diagnosis rather than by laboratory testing; therefore, misclassification of patients was possible. However, clinical diagnosis was thought to be reliable with heightened awareness of the measles case definition during the study period. Second, measles CFR estimates were based on available data collected retrospectively from medical records rather than using the comprehensive method of community-based CFR survey and therefore were not representative of the overall outbreak [30] . Third, data collected did not include the date of camp registration; therefore, temporal association of camp arrival with measles complications and death could not be determined. Fourth, medical records were unavailable for 37% of patients and risk factors for death among those cases might have differed from those in the study. Fifth, vaccination status was based on patient or parental recall and was unknown for 64% of patients; therefore, the protective effect of vaccination on measles mortality was likely underestimated. Finally, the acute malnutrition definition was based on anthropometric measurements among children <5 years of age and on clinical assessment in older age groups [18] ; this might have led to selective documentation of malnutrition among young children, underestimating the overall effect of malnutrition on measles mortality.
During the measles outbreak, due to political and security reasons, transit centers could not be established at the KenyaSomalia border. The lack of transit centers for providing refugee health services including vaccinations and initiating case management during the sudden influx of malnourished refugees overburdened health services in the Dadaab camps. During mass population movements, UNHCR recommends establishing transit and reception centers, preferably at crossing points, to provide services and screen for ill, malnourished, and vulnerable persons, and for those with measles, to initiate appropriate cases management including vitamin A therapy and timely referral to hospital [34] .
Notes
